Background and Objectives: Coronary artery disease (CAD) is the leading cause of death worldwide. It is well established that low level of high-density lipoproteincholesterol (HDL-C) is a strong and independent risk factor for CAD. Apolipoprotein M (apoM) is a component of HDL, which is involved in pre-β-HDL formation and cholesterol efflux to HDL. It is believed that resistance and aerobic exercise can significantly reduce risk of cardiovascular disease, especially by increasing serum levels of HDL-C. However, little is known about effects of these activities on HDL-apoM levels. The aim of this study was to investigate effects of circuit resistance training at different intensities on HDL-associated apoM levels in young untrained men.
MATERIALS AND METHODS
We carried out this semi-experimental study on 45 non-active male students who were studying at the Golestan University of Medical Sciences in Gorgan (Iran). Mean age and weight of subjects was 19.52 ± 0.96 years and 16.40 ± 78.42 Kg, respectively. Study procedures were explained in detail, and then written informed consent was taken from all participants. Exclusion criteria included having drug/alcohol addiction, regular exercise activity in the past six months, a history of diabetes, kidney, liver and cardiovascular diseases, and any type of physical disability. The subjects were randomly divided into five groups: control (n=10), 20% one-repetition maximum (1RM) (n=9), 40% 1RM (n=8), 60% 1RM (n=7) and 80% 1RM (n=8) ( Table  1 ). The training protocol was designed based on a previous study (11) . The subjects first became familiar with the training environment and equipment. Value of 1RM of the intended movements (bench press, seated cable row, arm cable curl, triceps cable curl, lying leg curl, barbell squat, lumbar extension, abdominal, decline sit-up and quadriceps) was calculated using the following formula and through trial and error:
After warm up, the subjects performed the movements in 10 stations at different intensities (20, 40 , 60 and 80% of 1RM) for 30 seconds without rest between the stations. The exercises were performed in three sets with three active rest periods between each set. Blood samples (10 ml) were taken from subjects' forearms in a comfortable sitting position after at least eight hours of overnight fasting. Sampling was done 48 hours before the first training session and 48 hours after the last training session. The samples were collected in EDTA-coated tubes. Plasma was separated by centrifugation at 1500g for 15 minutes and then stored at -70 o C. were measured using the Prestige 24i automated analyzer (Japan). The mg/ml, respectively. The rest of the parameters normality assumption. Data were analyzed the measurement method
INTRODUCTION
Homeostasis imbalance is one of the main causes of heart attack (1) . Coronary artery disease is the leading cause of mortality in the world (2) . Coronary artery disease and metabolic syndrome are common among Iranians (3). Studies have indicated a reverse and significant relationship between highdensity lipoprotein-cholesterol (HDL-C) levels and risk of atherosclerosis (4) . Atherosclerosis is a chronic inflammatory condition that occurs when cholesterol ester accumulates in macrophage foam cells due to the inability of the cells to remove excess cholesterol (5) . In ultracentrifugation, human HDL can be separated into HDL2 and HDL3 based on their density. HDL2 and HDL3 can then be separated into HDL2b and HDL2a, HDL3a, HDL3b and HDL3c (6) . HDL has antiatherogenic properties and plays a critical role in reverse cholesterol transport. It can induce endothelial synthesis of nitric oxide and prevent low-density lipoprotein (LDL) oxidation and inflammatory responses. Proteolytic analyses have revealed presence of 56 HDL-associated proteins, including apolipoproteins and lipid transfer proteins, but the exact function of these proteins is still not fully understood (7) . Apolipoprotein M (apoM) is a novel HDL-associated human apolipoprotein, which is also found in triglyceride-rich lipoproteins and LDL (8) . Although apoM is present in only 5% of HDL particles, recent studies have demonstrated a positive correlation between plasma apoM levels and HDL-C concentrations. This indicates that apoM might be involved in HDL metabolism. ApoM plasma is mainly associated with α-HDL and affects its interconversion to pre-β-HDL particles. It has been demonstrated that a 2-fold increase in apoM concentration can decreases atherosclerosis progression (9) . The positive effects of exercise on factors associated with cardiovascular disease are well established. However, most of these studies have been focused on the effects of endurance training, and little attention has been given to the effect of resistance training (10) . Currently, it is not clear how HDL and its components will respond to different intensities of resistance training. Therefore, the purpose of this study was to determine effects of different intensities of circuit resistance training on
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Kolmogorov-Smirnov test was used to test the with SPSS (version 16) using one-way ANOVA, two-way repeated measures ANOVA and Tukey's test at a significant level of 0.05. that time, group and their combination had no significant impact on the variables except for HDL3 (Table 3 ) . Regarding the results of the ANOVA with repeated measures, the effect of time was significant in comparison with the control group before and after (P=0.021).
ApoM was measured using commercial ELISA kits. HDL-C was measured by photometric method (ParsAzmun Co., Iran). The coefficient of variation and sensitivity of were 0.81% and 1
RESULTS
ApoM level in HDL2 and total plasma HDL increased significantly in all exercise groups and decreased in the control group. mainly secreted into the plasma and accumulates in lipoproteins, while kidneyderived apoM is connected to a multiligand, endocytic receptors megalin in the renal proximal tubule (16) . Nevertheless, mechanisms that regulate transcription of the human apoM gene are not well-understood (17) . Recently, it has been shown that plasma level of apoM has a positive correlation with plasma leptin levels and a negative correlation with cholesterol levels in obese individuals. In fact, it has been suggested that leptin can stimulate hepatic apoM expression (18) . According to Lappalainene et al., intensive isokinetic exercise can significantly reduce leptin levels (19) . Hence, it can be assumed that a possible decrease in leptin levels through resistance training could contribute to the apoM reduction. ApoM can delay LDL oxidation, alter HDL metabolism by increasing the production of pre-β-HDL and exert anti-atherosclerotic effects (9, 21) . There is a strong correlation between plasma apoM and cholesterol concentrations, but the mechanisms of this association remain unknown (14) . ApoM may facilitate the reverse cholesterol transfer process by converting small pre-β-HDL into larger pre-β-HDL (22) . A study reported overexpression of the apoM gene in LDL
DISCUSSION
The results of this study showed that five weeks of circuit resistance training at different intensities could alter some of the risk factors of cardiovascular disease. Although extensive research has been done on the impact of endurance and strength training on lipoprotein and lipid levels (12) , there is little known about the effect of circuit resistance training on the level of HDL-associated apoM. In our study, HDL-apoM and HDL2-apoM increased in all training groups and decreased in the control group. In addition, HDL3-apoM level decreased after the 5-week training program. There is an inverse relationship between HDL-C levels and risk of atherosclerosis. HDL-C have been attributed to its role in reverse cholesterol transport (RCT). On the other hand, HDL-C changes may be dependent to changes in the concentration of it subclasses, particularly HDL2. Among all HDL subtypes, HDL2 is more effective in cholesterol delivery to hepatocytes (13) . In our study, the exercise program exhibited favorable effects by increasing apoM and HDL-2 and decreasing HDL3. Apolipoproteins are members of the lipocalin family with a mean plasma level of 0.9% in the healthy population (14, 15) . According to human tissue expression array studies, apoM is predominantly present in adult liver and kidney. Liver-derived apoM is concentrations of HDL, HDL subfractions and apoM. The reduction in HDL-3-associated apoM following the training program could be related to the increased exchange of apoM to HDL-2, which could potentially prevent development of atherosclerosis and coronary artery disease by enhancing the antioxidant activity of HDL.
